By using Mawhin-Manásevich continuation theorem, some new sufficient conditions for the existence and uniqueness of periodic solutions of Duffing type p-Laplacian differential equation are established, which are complement of previously known results.
Introduction
In the last several years, the existence of periodic solutions for the Duffing equation, Rayleigh equation and Liénard type equation has been received a lot of attention. We refer the reader to [1] [2] [3] [4] [5] [6] [7] [8] [9] and the references cited therein. However, so far as we know, fewer papers discuss the existence and uniqueness of periodic solutions for Duffing type p-Laplacian differential equation. We only find that Zhang and Li [7] deal with the existence and uniqueness of periodic solutions for Duffing type p-Laplacian differential equation
where p > 1 and ϕ p : R → R is given by ϕ p (s) = |s| p−2 s for s = 0 and ϕ p (0) = 0, C is a constant, g is a continuous function defined on R 2 and is T -periodic about t, e is a continuous periodic function defined on R with period T , T 0 e(t) dt = 0 and T > 0. Zhang and Li [7] provide a sufficient condition for such existence and uniqueness:
Theorem A 1. Suppose that the following conditions (A 1 ), (A 2 ) and (A 3 ) hold:
(A 2 ) xg(t, x) < 0 for |x| > 0 and t ∈ R.
(A 3 ) There exist positive constants K and M such that
Then Eq.
(1) has a unique T -periodic solution.
However, upon examining their proof of Theorem A in [7] , we have found that the condition (A 3 ) can be abandoned. In this paper, we will also discuss the existence and uniqueness of T -periodic solutions of Eq. (1). By using Mawhin-Manásevich continuation theorem, we establish some sufficient conditions for the existence and uniqueness of T -periodic solutions of Eq. (1). These results generalize and improve those in [7] .
Main result
For convenience, define
which is a Banach space endowed with the norm . defined by x = |x| ∞ + |x | ∞ , for all x, and
For the T -periodic boundary value problem
where f is a continuous function and T -periodic in the first variable, we have the following result. 
Then (2) has at least one solution inB.
By using Lemma 1, we obtain our main results:
Theorem 1. Let (A 1 ) hold. Suppose that there exists a constant d 0 such that
(A * 2 ) xg(t, x) < 0 for |x| > d and t ∈ R.
Then Eq. (1) has a unique T -periodic solution.
Proof. Consider the homotopic equation of Eq. (1) as following:
By Lemma 2 in [7] , together with (A 1 ), it is easy to see that Eq. (1) has at most one T -periodic solution. Thus, to prove Theorem 1, it suffices to show that Eq. (1) has at least one T -periodic solution. To do this, we shall apply Lemma 1. Firstly, we will claim that the set of all possible T -periodic solutions of Eq. (3) 
As
where
In view of (A * 2 ), we obtain
Then, we have
and
Combing the above two inequalities, we obtain
Denote
Since x(t) is T -periodic, multiplying x(t) and (3) and then integrating it from 0 to T , in view of (A * 2 ), we get 
where D = max{|g(t, x(t))|: t ∈ R, |x(t)| d} + |e| ∞ .
For x(t) ∈ C(R, R) with x(t + T ) = x(t), and 0 < r s, by using Hölder inequality, we obtain
